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INTRODUCTION
Pulmonary hypertension (PH) is a currently fatal condition in which pulmonary vascular remodeling leads to elevated pulmonary arterial pressure, right ventricular (RV) hypertrophy (RVH), and, ultimately, RV dysfunction and failure. The search for small-animal models that recapitulate human PH has proven to be challenging. Although mice have the advantage of being genetically modifiable, rats have a more profound pulmonary vascular and RVH response to virtually every stimulus investigated to date. 1 Therefore, the majority of PH animal studies have targeted the chronic hypoxic exposure model or the monocrotalineinduced rat model. More recently, the combination of a vas-cular endothelial growth factor (VEGF) receptor antagonist, Sugen 5416 (SU5416), and exposure to 3 weeks of chronic hypoxia has been proven to cause profound PH in rats. 2, 3 In contrast to the chronic hypoxic and monocrotalineinduced PH rat models, the SU5416/hypoxia (SuHx) combination causes angioobliterative lesions in the pulmonary arterioles that are similar to the "plexiform" lesions found in human idiopathic pulmonary arterial hypertension. These lesions, which are not present at the time rats are returned to normoxic conditions after 3 weeks of hypoxia, develop in a progressive fashion over the following months. SuHx rats have sustained and progressive PH, unlike animals that are exposed to hypoxia alone, which eventually revert to the normal phenotype after return to normoxia. 4, 5 In hopes of using genetically modified mice to define the signaling pathways that promote or defend against PH, the search for a more robust PH mouse model continues. The most commonly studied mouse PH model is exposure to 2 or more weeks of chronic hypoxia (10% oxygen). Recently, Ciuclan et al. 6 described a PH mouse model combining weekly treatments of SU5416 with 3 weeks of hypoxic exposure. The authors found that at the end of 3 weeks of hypoxia the SuHx mice had a more profound PH phenotype (RV systolic pressure [RVSP] and RVH) than vehicle-treated hypoxic (VehHx) control mice. Ciuclan et al. reported "various degrees" of occluded pulmonary arterioles immediately after 3 weeks of SuHx but did not quantify these lesions. The authors did investigate a second group of SuHx mice 10 days after completing 3 weeks of hypoxia and returning to normoxic conditions and found that RVSP and RVH had decreased. In contrast, the authors who developed the rat SuHx PH model recently reviewed the literature and reported on their unsuccessful attempts over the last decade to create a reliable mouse PH model based on VEGF receptor blockade and hypoxia. 1 In the rat model, VEGF receptor blockade causes endothelial cell apoptosis that is thought to lead to progressive proliferative endotheliopathy. 3 Given that in the rat SuHx model angioobliterative lesions develop over 10 weeks after return to normoxia, we hypothesized that VEGF receptor antagonism may take as long or longer to cause angioobliterative lesions in mice. We investigated SuHx and VehHx mice at the end of the 3-week hypoxic exposure and 10 weeks after returning to normoxic conditions and evaluated RV hemodynamics and hypertrophy as well as pulmonary arteriolar histology and structure. We hypothesized that SuHx mice would have sustained PH that may be progressive and accompanied by angioobliterative lesions previously seen in rats. 3 Here we show that SuHx causes a more profound PH phenotype in mice than hypoxia alone. The SuHx model is characterized by sustained PH after 10 weeks of recovery in room air but lacks the RV failure and vascular remodeling evident in SuHx rats and in advanced pulmonary arterial hypertension patients.
METHODS

Experimental design
All animal experiments were approved by the Boston Children's Hospital Animal Care and Use Committee. Eleven-week-old male C57BL/6J mice (Charles River Laboratories, Cambridge, MA) were injected subcutaneously with SU5416 suspended with the aid of sonication in a mixture of 0.5% carboxymethylcellulose sodium, 0.9% sodium chloride, 0.4% polysorbate 80, and 0.9% benzyl alcohol in deionized water (all from Sigma, St. Louis, MO). SuHx mice were injected once weekly with SU5416 at 20 mg/kg body weight per dose, and control mice were injected with the same volume of vehicle alone. Mice were exposed to either room air or chronic normobaric hypoxia inside a ventilated plexiglass chamber in which nitrogen was injected under the control of an Oxycycler controller (BioSpherix, Lacona, NY) to maintain an FiO 2 of 0.1. CO 2 was monitored and ventilation was adjusted so that it did not exceed 5,000 ppm (0.5%). Ammonia was removed by ventilation and activated charcoal filtration through an air purifier.
After 3 weeks of hypoxia and weekly injections of SU5416 or vehicle, animals were either studied and euthanized or returned to normoxia for an additional 10 weeks. At the end of the treatment period and at the end of the 10-week normoxic period, animals were anesthetized and echocardiography, hemodynamic analysis, and tissue harvesting for morphometry and histology were performed ( Fig. 1) . A small subset of mice (n ¼ 2 per group) was harvested after 3 weeks of hypoxia plus 4 weeks of normoxic recovery.
Echocardiography
A Vevo 2100 ultrasound system and a 40-MHz MicroScan solid state transducer (Visual Sonics, Toronto, ON) were used to obtain images. Chest fur was removed using a depilatory cream. Anesthesia was induced with 3% isoflurane in 100% oxygen and continued at 1%-2% to a goal heart rate (HR) of 350-400 bpm.
The main pulmonary artery (MPA) was visualized in B mode from a modified left parasternal long-axis view. Color Doppler was used to locate an optimal location for MPA velocity measurement. Subsequently, the pulsed- wave Doppler sample volume was placed in the center of the color Doppler MPA signal at the level where the medial aspect of the proximal aorta crosses the MPA. PA acceleration time (PAAT; i.e., the time from the onset of systolic flow to peak pulmonary outflow velocity) was measured.
End-diastolic RV wall thickness (RVWTd) and RV inner diameter (RVIDd) was measured from a modified right parasternal long-axis view. M-mode sample volume was placed across the RV wall perpendicular to the RV long axis at the level of the mitral valve annulus, as described elsewhere. 7 Fractional shortening (FS) and HR were determined in the short axis at the level of the papillary muscles in M mode. Cardiac output (CO) was estimated using the Teichholz formula. 8 Tricuspid annular plane systolic excursion (TAPSE), the base-to-apex shortening of the RV during systole, was measured using M mode in the four-chamber view as a surrogate for longitudinal systolic RV function. 9 The M-mode sample volume was placed across the tricuspid valve annulus near its attachment to the RV free wall.
Hemodynamics HR, RVSP, and RV dP/dt measurements were performed in spontaneously breathing mice under 2.0%-2.5% isoflurane anesthesia delivered in 100% oxygen with a flow of 2.0 L/min by inserting a 1.4F microtip transducing catheter (Millar Instruments, Houston, TX) via the right jugular vein (closed chest), as described elsewhere 10 and reviewed. 11 Lung tissue perfusion and histology Under isoflurane anesthesia, the chest was opened and the pulmonary vasculature was perfused with phosphatebuffered saline through the beating RV. The heart and lungs were removed en bloc, and the lungs were inflated ex vivo with 4% neutral buffered formalin at a fixed pressure of 20 cm of H 2 O. After overnight fixation, the left lung was cut longitudinally into three parasagittal sections, and the medial surface of the two lateral sections and the lateral surface of the medial section were marked with nail polish and processed. The marked surfaces were embedded face down, and three 5-μM step sections (200 μm apart) were displayed together on the same slide, as described elsewhere. 12 Immunohistochemical staining Lung tissue sections were deparaffinized in xylene and rehydrated. Immunohistochemical analysis was performed by incubating with the indicated primary antibody at a di-lution of 1 ∶ 200 (von Willebrand factor [vWF]; rabbit polyclonal anti-human; Chemicon/Millipore, Temecula, CA; VEGF; rabbit polyclonal anti-human) or 1 ∶ 125 (α smooth muscle actin [αSMA]; mouse monoclonal; Sigma) overnight at 4°C after 20 minutes of blocking at room temperature to reduce nonspecific binding. Endogenous peroxidase activity was inhibited with 0.3% H 2 O 2 in methanol (Sigma). Incubation with secondary antibodies and peroxidase staining were performed according to the manufacturer's instructions (Vector Laboratories, Burlingame, CA). Slides were counterstained with methyl green.
Lung parenchymal and pulmonary vascular morphometry and quantification
Lung sections were stained for αSMA. Ten randomly selected areas from 5-μm hematoxylin-eosin-stained lung sections were captured at 100Â magnification using a Nikon Eclipse 80i microscope. Calibrations for the images were done by acquiring standard micrometer images using the same magnification. Large airways and vessels were avoided for lung morphometry. Peripheral vascularization was determined by counting the number of vWF-positive vessels in 15 random images at 200Âmagnification, stratified by diameter (<50 and 50-100 μm), using Metamorph software (Molecular Devices, Sunnyvale, CA). Vessel wall thickness was assessed by measuring αSMA-positive staining in vessels less than 100 μm in diameter in 10-15 sections per animal captured at 400Âmagnification. Medial wall thickness was measured using Metamorph software and compared between groups using the following equation: medial thickness index ¼ [(area ext − area int )/area ext ], where area ext and area int are the areas within the external and internal boundaries of the αSMA layer, respectively. Occluded vessels were identified by observing every 200Â field in three vWF-stained longitudinal sections for each of the three step sections (200 μm apart) per animal. Potential obliterated lesions identified with vWF were then observed in αSMA-stained contiguous sections to ensure that the identified vessel was muscularized. Finally, VEGF staining was performed for further characterization, as both rat 4 and human 13 angioobliterative lesions have been shown to stain positive with this antibody. Vascular morphometry and vessel number calculation were performed in a blinded fashion.
imaging, as described elsewhere. 10 Barium was prepared by mixing 50 g of gelatin (Sigma) and 400 mL of barium powder (Fisher Scientific, Pittsburgh, PA) in 550 mL of water and was injected at 60°-70°C into the MPA.
CT and three-dimensional PA reconstruction of barium-injected mouse lungs The basic method of microCT in vitro imaging has been described elsewhere. 10 For this study, a Micro CAT II computer tomograph (Siemens, Malvern, PA) and RVA software was used. Formalin-fixed left lungs were each placed in an empty 50-mL Falcon tube and centered in the scanner by creating anterior-posterior and lateral X-ray images. A field of view of 768 Â 768 voxels (1 voxel ¼ 0.023 mm) was chosen. The left lungs were fully scanned ex vivo at a 45-μm resolution (binning ¼ 2) and 512 views (62 kVp, 1,200-ms single-image acquisition time) followed by real-time threedimensional reconstruction, as described elsewhere. 7 Subsequently, Amira software (ver. 4.1) was applied on the three-dimensional images. Isosurface rendering at a threshold of 1,000 arbitrary units and appropriate positioning allowed display of all lungs in anterior-posterior views with best demonstration of segmental and peripheral branching of the left PA.
Heart weights
Atria were trimmed, and RVH was measured by weighing the RV relative to the left ventricle (LV) plus septum (LVþS) and the RV or LVþS relative to the animal's body weight.
Statistical analysis
All values are expressed as means AE SEM. Comparison between different groups was performed by one-way analysis of variance followed by Tukey's multiple-comparison test using GraphPad Prism software (ver. 5.0; GraphPad, La Jolla, CA). Differences with P < 0.05 were considered significant.
RESULTS
Pulmonary hypertension
To investigate the development of PH in the SuHx model in the short and long term, RVSP as an indicator of PAP was determined in spontaneously breathing mice with a microtip Millar catheter inserted through the jugular vein (closed chest technique). Both SuHx and VehHx mice manifested significant RV hypertension after 3 weeks of hypoxia, but SuHx mice developed significantly higher RVSP than VehHx animals. After 10 weeks of normoxic recovery, SuHx mice continued to have significantly ele-vated RVSP compared with VehHx and normoxic mice, but the average RVSP in the SuHx group declined from 45 to 30 mmHg over the 10 weeks. Meanwhile, RVSP in the VehHx group returned to normal levels at the 10-week follow-up time point in room air (22 mmHg; Fig. 2A ; Table 1 ). Although a lower LV FS was noted for both VehHx and SuHx mice at 3 weeks (Table 1) , HR and LV CO were unaffected, suggesting that functional differences in the LV did not contribute to the elevation in RVSP present in SuHx mice. A small subset of animals (n ¼ 2 per group) was catheterized after 4 weeks of normoxic recovery, and comparison with mice treated with Sugen 5416 (SU5416) and exposed to hypoxia for 3 weeks (SuHx 3w), carets indicate comparison with control mice treated with vehicle and exposed to hypoxia for 3 weeks (VehHx 3w), and plus-or-minus signs indicate comparison with mice treated with SU5416, exposed to hypoxia for 3 weeks, and returned to normoxic conditions for 10 weeks (SuHx 3wþ10w norm). VehHx 3wþ10w norm: control mice treated with vehicle, exposed to hypoxia for 3 weeks, and returned to normoxic conditions for 10 weeks. The number of symbols indicates the significance level (e.g., three asterisks indicate P < 0.001, two asterisks indicate P < 0.01, and one asterisk indicates P < 0.05).
their RVSP had already decreased to the 10-week recovery levels ( Fig. 2A ; not included in statistical analysis). PAAT, an echocardiographic PW-Doppler measurement that has been inversely correlated with PA pressure and pulmonary vascular resistance, was significantly decreased in both SuHx and VehHx mice after 3 weeks of hypoxia compared with normoxic controls. After 10 weeks of recovery in normoxia, PAAT returned to baseline in both VehHx and SuHx mice (Fig. 2B ). RV weight was increased in SuHx mice compared with VehHx mice after 3 weeks of hypoxia but returned to normoxic baseline levels in both groups after 10 weeks of normoxic recovery (Fig. 2C, 2D) . Similarly, RV wall thickness measured by M-mode echocardiography increased in both SuHx and VehHx mice after 3 weeks of hypoxia but returned to baseline values after 10 weeks of recovery in room air ( Fig. 2E ) .
RV dimension and systolic function
To determine the impact of SuHx on RV end diastolic volume and systolic function, RVIDd and TAPSE were measured by M-mode echocardiography ( Table 1) . RV dilation as judged by RVIDd was found in SuHx mice after 3 weeks of hypoxia compared with baseline normoxic and VehHx controls. After 10 weeks of normoxic recovery, RVIDd in the SuHx mice decreased and was not different from that in normoxic controls (Fig. 3A ). An indicator of RV contractility, RV dP/dt max measured during RV catheterization was significantly increased after 3 weeks of hypoxia in SuHx mice compared with both baseline and VehHx controls and increased in parallel with RVSP and hypertrophy. The latter phenomenon has been observed in several mouse PH studies 10, 12, 14 and represents increased contractility in the hypertensive and hypertrophic RV. 14 RV dP/dt max returned to normoxic values after 10 weeks of recovery from chronic hypoxia (Fig. 3B , upper panel). RV dP/dt min decreased after 3 weeks of hypoxia in SuHx mice and returned to baseline normoxic levels after 10 weeks of normoxic recovery (Fig. 3B , lower panel). We measured TAPSE, a marker of longitudinal systolic RV function that has been correlated with outcome in humans with PH, 15, 16 and found that it was significantly reduced after 3 weeks of hypoxia in SuHx mice and continued to remain significantly lower than that in normoxic and VehHx controls after 10 weeks of normoxic recovery (Fig. 3C ).
Pulmonary vascular changes
We assessed vessel wall hypertrophy by staining for αSMA. αSMA-stained medial wall blood vessel thickness increased significantly in both SuHx and VehHx mice after 3 weeks and returned to baseline levels in both groups after 10 weeks of normoxic recovery (Fig. 4A, 4B ). Ex vivo CT angiography of barium-injected lungs showed vascular pruning in SuHx mice compared with VehHx mice after 3 weeks of hypoxia (Fig. 5A ). Given this finding, we assessed the number of pulmonary arterioles by counting vWF-stained vessels. The number of pulmonary arterioles per 200Â field was significantly reduced after 10 weeks of normoxic recovery in SuHx mice compared with that in VehHx and normoxic controls (Fig. 5B) .
Pulmonary arteriolar lesions
A total of 1,001 vWF-stained lung fields were observed at 200Â magnification in 5 SuHx and 6 VehHx mice that had been recovered in normoxia for 10 weeks. We evaluated 298 vWF-stained lung fields from 3 normoxic mice for comparison. A total of 5 pulmonary vessels obliterated with cellular material were found from 2 different SuHx mice, while none were found in VehHx or normoxic mice ( Table 2) . On adjacent 50-μm sections within the same 200-μm step section, the obliterated vessel was observed with αSMA and VEGF staining (Fig. 6 ).
DISCUSSION
The search for better animal models of PH continues because our understanding of the pathobiology of disease and the development of new therapeutic strategies depends on robust animal models, and to date no single model has all the features of human disease. 17, 18 One important feature of advanced human pulmonary hypertensive vascular disease is the presence of angioobliterative lesions, and these have been found to develop over a period of several months after SuHx rats are returned to normoxic conditions. 4 To determine whether a similar process occurs in mice, we investigated the mouse PH model of SU5416 combined with chronic hypoxia at the end of a 10week normoxic follow-up period. The magnitude of PH (RVSP) decreased by 25% during the first 4 weeks of recovery in room air but was then sustained at approximately 30 mmHg in SuHx mice compared with VehHx controls. Pulmonary vascular lesions and PH did not progressively worsen in SuHx mice during normoxic recovery. While we found a small number of occlusive arteriolar lesions in SuHx mice and none in normoxic or VehHx mice 10 weeks after the end of hypoxia, these were very rare and thus unlikely to have contributed greatly to PH in these animals. In contrast to Ciuclan et al., 6 we did not observe any angiobliterative lesions in SuHx mice after 3 weeks of hypoxia. Hence, according to our results, SuHx produces sustained PH and moderate RV dysfunction as judged by TAPSE but no significant angioobliterative pulmonary vascular disease in mice.
The pulmonary arteriolar medial wall thickening that we demonstrated probably contributed to the development of increased RVSP in both SuHx and VehHx mice at the end of 3 weeks of hypoxia. Interestingly, the sustained elevation in RVSP seen in SuHx mice is not likely to be a result of pulmonary arteriolar medial hypertrophy or hyperplasia since pulmonary arteriolar αSMA-stained medial wall thickness returned to normal by 10 weeks af- ter SuHx treatment. A significant reduction in the number of arterioles in SuHx mice persisted at 10 weeks, as assessed by analysis of vWF-stained vessels. Loss of precapillary arterioles is known to be involved in the pathogenesis of PH. 19, 20 Zhao et al. 21 used microangiography to demonstrate a loss of small peripheral pulmonary arteries that had already begun by a very early time point in the monocrotaline rat model, and a "mild rarefaction" or loss of small PAs has been reported in chronically hypoxic mice as well. 22, 23 We found evidence of vascular pruning after 3 weeks of SuHx using barium-injected CT angiography. The dropout of small PAs in PH is hypothesized to be the result of endothelial cell apoptosis. 19, 20 The combination of VEGF receptor antagonism and hypoxia is thought to lead to the development of angioobliterative lesions in rats by causing endothelial cell apoptosis that allows apoptosis-resistant endothelial cells to multiply. The loss of small PAs because of endothelial cell apoptosis in the SuHx mouse model is therefore not surprising. Studies in SuHx rats have reported a substantial number of occluded pulmonary arterioles (<50 μm) after only 2 weeks of hypoxia that increases after 2 weeks of normoxic recovery, 5 but the total number of vessels per field or per alveoli has not been reported in the rat SuHx model. We hypothesize that sustained vascular pruning is responsible for the continued elevation in RVSP 10 weeks after SuHx treatment, while reversal of arteriolar medial hypertrophy in normoxia is responsible for the reduction in RVSP from the SuHx 3-week time point. Table 2 . Analysis of obliterative lesions in normoxic mice; in mice treated with Sugen 5416, exposed to hypoxia for 3 weeks, and returned to normoxic conditions for 10 weeks (SuHx 3wþ10w norm); and in control mice treated with vehicle, exposed to hypoxia for 3 weeks, and returned to normoxic conditions for 10 weeks (VehHx 3wþ10w norm) At the end of 3 weeks of hypoxia, RVSP was elevated and PAAT was decreased in SuHx compared with normoxic control mice, consistent with higher PA pressure; RVSP was higher in SuHx compared with VehHx mice, whereas PAAT was similarly reduced in these two groups. After 10 weeks of normoxic recovery, SuHx mice had higher RVSP than VehHx mice. The persistent elevation in RVSP in the SuHx mice after 10 weeks of normoxic recovery may be related to decreased vessel density. PAAT increased over the 10-week normoxic recovery in both groups, and although SuHx mice had lower PAAT than VeHx mice after 10 weeks of recovery, this difference was not significant. PAAT is known to become shorter with higher RV and PA pressure in both humans and animals, [24] [25] [26] [27] [28] [29] [30] [31] [32] and it is a useful marker of PH in small animals that do not reliably develop quantifiable tricuspid regurgitation. PAAT has been hypothesized to be shorter in PH because of the reduced compliance and increased impedance of the pulmonary arterial system, 33 and it may provide additional information about these important parameters (compliance and impedance) when compared with invasively measured RV pressure. It is also possible that PAAT does not have enough sensitivity to distinguish between RV pressures of 34 and 45 mmHg. 32 In contrast to our study, Ciuclan et al. 6 did find a significantly lower PAAT in SuHx mice after 3 weeks of hypoxia compared with VehHx mice, but the VehHx mice in that study had a normal PAAT after 3 weeks of hypoxia despite having an elevated RVSP of 35 mmHg, which is not consistent with the literature 32 and our results.
In addition to developing progressive pulmonary vascular angioobliterative lesions and PH, rats exposed to SuHx develop progressive RV dysfunction and failure. 34, 35 Our assessment of RV dilation and performance in these mice included RV end-diastolic diameter, RV dP/dt, and TAPSE. RV dilation was increased in SuHx mice after 3 weeks of hypoxia and returned to baseline after 10 weeks of normoxic recovery. In accordance with several other PH mouse models, 10, 12, 14 RV dP/dt max increased with elevated afterload, indicating heightened contractility in SuHx mice that returned to baseline after 10 weeks of normoxia. Interestingly, TAPSE was significantly decreased in SuHx mice and remained significantly lower than that in both VehHx and normoxic controls after 10 weeks of normoxic recovery, indicating sustained longitudinal systolic RV dysfunction. Others have also found discordance between RV dP/dt and RV systolic function in mouse PH models. In a study using admittance pressure-volume catheterization of the RV in mice, Tabima et al. 14 reported that hypoxia caused an increase in RV dP/dt max and a decrease in RV dP/dt min while at the same time causing reduced RV ejection fraction and RV CO, which they attributed to a decrease in chamber compliance. Unlike the concentric contraction of the LV, the RV contracts in a bellows-like, base-to-apex, longitudinal fashion, and its function is difficult to quantify with any two-dimensional echocardiographic measurement. In advanced RVH, however, radial forces increasingly contribute to RV ejection and wall stress and thus may explain the increased systolic pressure rise (dP/dt) in the setting of increased RV weight and decreased longitudinal systolic function (TAPSE). 36 TAPSE has not been widely reported in mice, but a recent study evaluating RV dysfunction in mice with induced LV myocardial infarction showed a decrease in TAPSE similar to ours that persisted 10 weeks after myocardial infarction. 37 The persistent reduction in TAPSE after 10 weeks of normoxic recovery is intriguing and worthy of further investigation. It is unclear whether TAPSE remains impaired as a result of continued elevation of RVSP or because of a more direct effect of VEGF receptor blockade and hypoxia on the RV myocardium.
Mice treated with SU5416 once weekly during 3 weeks of chronic hypoxia do not progressively develop angioobliterative lesions during 10 weeks of normoxic recovery. We searched three parasagittal sections of lung tissue sectioned in three 200-μm "steps" and were able to find only a very small number of putative angioobliterative lesions (in a total of 468 fields analyzed). One major difference between these murine lesions and those described in SuHx rats and humans with PH is the absence of concentric medial or intimal proliferation associated with occlusion of small PAs. To date, the only mouse model in which widespread angioobliterative lesions and concentric neointimal hyperplasia are reported to develop is the interleukin 6-overexpressing mouse exposed to chronic hypoxia, 1,23 although a small percentage (5%) of mice overexpressing the calcium binding protein S100A4/ Mts1 have also been found to have these lesions at baseline (without hypoxia). 38 It is interesting that SuHx mice do not develop a significant number of angioobliterative lesions while SuHx rats treated with a similar or less intense regimen (3 weekly injections during hypoxia compared with 1) do. The weaker mouse angioobliterative response to SU5416/hypoxia is consistent with known species differences in response to other PH models (monocrotaline, hypoxia). Several groups have hypothesized that the presence of a bronchial circulation in rats may allow delivery of detrimental progenitor cells to the pulmonary arterial adventitia that contribute to the concentric medial and intimal thickening and angioobliterative lesions. 1 The development of angioobliterative lesions and concentric intimal and medial hyperplasia in the interleukin 6-overexpressing hypoxic mouse would argue against a causal anatomic difference, and it perhaps suggests the importance of differences in the inflammatory cascade, among other mechanisms.
As a mouse model of PH, the SuHx mouse model described by Ciuclan et al. 6 and further investigated in this study causes a more profound and sustained PH phenotype than 3 weeks of chronic hypoxia alone. Hence, the SuHx mouse model is a useful adjunct to other PH models, particularly when genetic modification or long-term intervention (pharmacotherapy or stem cell-or progenitor cell-based therapy) is desired. The search continues, however, for a mouse model that more closely recapitulates human disease, particularly in terms of obliterative arteriopathy, progression of pulmonary vascular disease, and progressive, severe RV dysfunction, ultimately resulting in RV failure.
